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1. Title of the Invention .oj^ : - 
SEMICONDUCTOR DEVICE 

2 . Scope of Patent Claim O^l 

1 A semiconductor device including a substrate or 
5 a first electrode formed on the substrate, a ngn-s ingle 

crystal semiconductor having at least one PIN junction on said 
electrode, and a second electrode on said semiconductor, 
characterized in that an intrinsic or substantially intrinsic 
semiconductor layer constituting said PIN junction contains at 
,0 least oxygen having the impurity concentration of 5 x lO" cm 

or less^r carbon contaminated in the form of. a cluster having 
the impurity: concentration of 4 x 1017 cm-3 or less. . 

2 • a -semiconductor device as claimed in claim 1, 
wherein 'said intrinsic or substantially, i^insic 

^ semiconductor layer is made of silicon or germanium t^ which 

hydrogen or halogen element having a semi -amorphous or 
amorphous structure with lattice distortion 

3 A semiconductor device as claimed in claim 1, 
wherein a' P-type semiconductor layer or N-type /^ ic ^ duc ^°. r 3 

f 0 : layer contains oxygen having the concentration of 5 x 10" cm 

4 A semiconductor device as claimed m claim 1, 
wherein a' P-type semiconductor layer or N-type semiconductor 
layer is formed of a polycrystal semiconductor ^eluding a 

25 microcrystal a particle size of which is 30 to 50 A or 

fiber structure a crystal particle diameter of which is 150 to 
400 A. 

3. Detailed Description of the Invention ,^,.^4- 
The present invention relates to a photoelectric 
conversion device having at least one PIN function said 
■-: device fabricated by using a high purity gas for semiconductor 

fabrication whose concentration of carbon or oxygen is 
decreased to an extremely low level, and to a process for 

fabricating the same. . . n nrovide . a 

An object of the present invention is to Provide a 

photoelectric conversion device ^^J'^^. 
optionally having thereon a first electrode and a * on ^^* 
crystal semiconductor layer having at least a PIN junction 
' • fabricated by depositing layers of a P-type, an I-^e, «d an 
N-type semiconductor. In an intrinsic or a ■^»» t ""* 
intrinsic semiconductor layer (i.e., a 

into which a P-type or an N-type impurity is added «"her 
accidentally or intentionally at a concentration of from 1 x 
tilt to ix 10" cm-3) which gen rates photovoltaic f rce upon 
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lti:it£\£ ^centra^n of oxygen or carbon which induces 
the "^ratton of ruination centers or which enhances the 

^^f^^'i:^^ the present 
invent^ ij, - ~ £ 
«Sir such as silane. polysUane and 

diameter (ref err ea * instance , a gaseous oxide 

diameter") of ^"^ gaseous carbon dioxide (C0 2 ) . and gaseous 
such as water (H 2 0) , gaseous ^t-hane 
or - oaseous carbide such as methane (CH 4 ) , ethane 
oxygen (0 2 ) ; or a ^ seous can be adsorb ed and 

SStS ^.SSlv. pore diameter in the range of from 
2 - 9 t0 Ml adsorption ability of the molecular sieve or the 

a range of from -100 °C to room temperature, prererao y, 
range of from -70 to -20 °C. intrinsic conversion 

. „„-, _ rrvsta i semiconductor, particularly, w 
non-single cryscai s«ui : nrroa c. P( ? to a range of from 

amorphous semiconductor, can be increased to a rang 

r s.-rrri ^HH; 

preferably to a range of from ■ x 10 to „ to a 

plurality of C-C bonds ^^ tos*^**** semicon - 
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lowered from the initial 1 * 10" cm-3 » > ' ^«JT' ' 

^e semicoTductor. However in case oxygen atoms aggregate 
- duster containing from several to several tens or 
«oL ins^e the semiconductor, ^ clusters then ^ provide 
recombination centers for the electrons or holes : These 
recombination centers function as killers of the 
carriers ^J*?^ in I noS-single 

by a y plasma enhanced chemical 
va£r dep"n process. Furthermore, the ^f^^ 
oxygen have found to function as N-type d ° n °f '^""^^J 
■ ft.. be .„ found that a semi-amorphous (semi-crystallinei 

s^r^nsitiv, ^^^^^T ^ 
Ic-rdingir^ 

° f ChS ^ns" deling carbon atoms, furthermore ethane and 
other hySocaSon compounds expressed by CJU (where, m .Jt 2) 
otner ny rtirc< - t lv intrude into the semiconductor to 

have found «^ ec " y £ ' recombi nation centers. These 
SnatUn^ters'decrease the life ti*e of carriers, and 

^^rn'tke'uW^^h^orementioned circumstances, the 

is also 0' ^- " oms " the 

silicon added therein W » hydrogen a nd oxygen atoms 

olTreTlo" tt&ZttZ&Z* Xevel of the 
resulting semiconductor. 
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In general, silane molecules are "less than 5 A (more 
specifically, from 4.8 to 5 A) in effective molecular 
diameter. Germane "molecules are about 6 A in diameter. 
( Polys ilane are further larger in effective molecular 
diameter.)" 

Considering a reactive gas comprising molecules having 
the smallest effective molecular diameter, i.e., silane 
(monosilane) molecules, for instance, the gas contains other 
impurities as listed in Table 1. 
Table 1 

tvyt Rnitaxial por Electronics 
Purity (%) 99-99 99.9 r 

Hydrogen (ppm) ... ~ 300 _ .. 3,000 

Nitrogen 



5 v.. 50 

0.1 1 
10 50 



Oxygen 
Argon 

Helium 10, 50 

Methane 



5 50 

0.1 0.5 

0.1 0.5 

0.1 0.5 

0.1 : " 0.5 

10 50 



3 5 

a 
is 



Ethane 
Ethylene 
Propane 
Propylene 
Chloride 

Water - . . , ... c 

In a practical process of epitaxial growth or 
semiconductor, the concentration of oxides and nitrides 
lowered to about 1/30 of the nominal value due to the 
segregation effect which occurs during the gas-solid reaction. 
Accordingly, a substantially intrinsic semiconductor having a 
resistivity of 100 £!• cm or higher can be obtained. 

In case of employing plasma enhanced chemical vapor 
deposition in a temperature range of from 100 to 400 °C using 
glow discharge, however, a physical purification method taking 
advantage of the segregation can no longer be expected to take 

PlaC6 ' It can be readily understood that in the case above 
using plasma enhanced chemical vapor deposition, the 
^uritLs enumerated in Table 1 are directly incorporated 
too the semiconductor. Oxygen, in particular, wholly reacts 
with silane to provide reaction products A part of silane 
molecules, more specifically, from 1 to 5 % of the entire 
molecules, is activated (ionized) by the plasma reaction. 
Accordingly, it has been found that silane is condensed inside 
^e Sn film semiconductor at an extrem ly high concentration 
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- 1 x 1018 to 4 x 1018 cm-3. This accounts for about 20 to • 

of from 2 x 10" to 31 . lme i n aaseous state. 

sss x... & ...... — « «•-'•■» 

deposition process. . is part i cu larly important 

Thus, ^.;^^ 1 ^ er according to the "device of 

in the I-type semiconduct £ 1«£ concentration of oxygen 

the present invention to ^crease ^ ^ ^ fco 4 x 10 n 

^ < ^2r^ti^. The very o bj ect of the present 
^^Z^^^^** * detaiVreferring 
to the accompanying figures- apparatus^ .for 

^icatlng^e S —c h 4 device accord to the present 

"herring to 1- • ^ S 

external heating furnace 21, subst ^ (j) ( 

, electrodes " > ' » ' or a 10?KHz generator), another generator 

instance, a and an attenuator 

microwave 1 GHz or nxy"= 

5 < 18) ' . . Generated was supplied from an 

The microwave thus 9 ene "\ he react or (1) 

outlet protected by a ^^ t ^ Q ^ ^Torr. The entire 
maintained at a (20) to prevent jawing from 

reactor is covered with a shie1 ^ l ; develops upon depositing 
occurring. The SZtxZtiB (22) using a 

the thin film s ^ lcon ^ Ct ° r ° be in parallel with the surface 

35 SJZTJSZ -n the y are introduced 

into the taction furnace from ^ inlet (7) using 

The reactive * gas is intro hydrog en whose 

a carrier gas, for A « a oxygen and water is 

concentration of tap«"tiu 0 .1 ppb or less. 

40 lowered to 1 ppb or 1 ^'^licon fVlm a gaseous silicide, 
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diluted with hydrogen are introduced from inlets (5) and (6). 
respectively.^^^^ ^ ^ introduced into the 

reactive furnace at a predetermined rate each via pairs of gas 
purifiers- (ID and (14), (12) and (15), and (13) and I (16) , 
respectively. Molecular sieves or zeolite 3A, 4A or -A 5A have 
an effective pore diameter in a range of from 2.7 to 4.65 A, 
and are provided on the inlet side for the reactive gas of 
each of the gas purifiers. More specifically, molecular sieve 
or zeolite 4A having an effective pore diameter in a range of 
*™ i q to 4 3 A is used. The molecular sieves or zeolite 4A 
arre^pressed by a molecular formula N a(Al0 2 ) (Si0 2 ) -27 - 30H 2 O 
and molecular sieves or zeolite 4.5A are expressed by 
AlO,)(Si0 2 )-27 - 30H 2 O. Furthermore, the gas passed through. the 
molecular sieves or zeolite is passed through a deoxidizer, 
aas clean (GC-RX, manufactured by Nikka Seiko K.K.). 
9 The chemical adsorptivity of the purifiers can be 

further increased by cooling them to a temperature in a range 
of from -70 °C to room temperature. For instance, the 
- m -30 °C using electronic thermostat 

T. Molecular sieves or seolite 3 A, 4A. and 4.5A are found all 

*>< effective for silane and diborane . 

25 For silane, molecular sieve or zeolite 4 5A is fou^d 

«rHr„i a Hv effective; in addition to oxygen which is apt to 
Action as y an"-t^e Wurity, phosphine reduces the surface 

T teI1 - S^££ is carried out usin g -evacuation = 

35 Torr. characteristic curve of a 

semiconduc?or layer deposited using the apparatus 
Tn Fio 1 A 1 Um thick thin film of a non-single crystal 
:mL^to A r deposited on a substrate e . g a * ass 

40 substrate, at a substrate temperature of 250 C in a 

the inside pressure of which was ^ntained at 0 1 Torr. T h 
conductivity upon irradiation of light (AMI) 
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conductivity in relation with the high frequency output are - 
shown in the^graph ^ ^ ^ ^ ^ ^ ^ 

in photoconductivity with that in high ~^' u ^ 
the curve -(30) shows the dark conductivity. If silane is used 
as it 7s without purification, as described in the foregoing, 
the initial impurities that are present in the gas cylinder 
are delivered into the semiconductor layer. Those impurities, 
prrticulaAy oxygen or carbon, renders -"i™ 
Thus two curves (29) and (30) are shown in Fig. 2 More 
Specifically, a photoconductivity of 10-3 (Q-cmJ-i is obtained 
Z a high frequency output of from 20 to " »! 
crvstallinity of a part of the semiconductor is impaired at 
the same time. Thus, the resulting ' '^^^^^ 
amorphous. This happens because oxygen atoms that are present 
Purities in the semiconductor function as donor centers 
11 3^ the entire semiconductor N-type conductivity. 

Moreover, gaseous silane is charged inside the gas cylina 
after sufficiently purifying the gas. 

c m « m-7 jQ.cm)-i is obtained. That is, a su" itlB " 3 
from 10-9 to 10 (U an) x intrinsic semiconductor is 

. high activation energy as an x »* r " Eo/2 ,o.i 0 , eV is 

obtained, and that a Fermi level of about a Eg/2 -o.J 

achieved^ ■ >ri . tlc . of the thin «1- ™ 

studied in further detail. ^ 1 ^^^JZ 
^pr^t 'o^^ - 5 - 



10 W. Assumably, a semi -amorphous semiconductor having an 
intermediate structure between amorphous structure and 
crystalline structure is formed in this case. 

When an intrinsic semiconductor is fabricated by 
5 plasma enhanced chemical vapor deposition in a temperature 

range of from 100 to 300 °C, for instance, at 250 °C, 
impurities inside silane tend to be incorporated into the 
semiconductor at a concentration from 30 to 100 times as high 
as that of a semiconductor fabricated by a simple CVD process 
10 or epitaxial growth. Thus, it can be readily understood that 

the use of an ultrapure silane as the starting material is the 
key of the process. By employing such silane gases of ultra- 
high purity, a semiconductor with a low dark conductivity but 
^ with a high photoconductivity in a range of from 10-3 to 10-2 ( 

f.j £2*cm)-i can be obtained even when the product is obtained at a 

low plasma power output of from 2 to 10 W. The 
photoconductivity of the product thus fabricated according to 
the present invention is well comparable to that of a single 
crystal silicon, i.e., 10-2 

20 (Q-cm)-i. 

The present invention is particularly advantageous in 
that the desired semiconductor is producible at such a low 
plasma power output. More specifically, in fabricating a PIN 
junction as in the process of the present invention by 

25 sequentially depositing the P-, I-, and N-type layers in this 

order, a mixed layer is apt to form at the boundary of the 
layers differing in conductive type if a high plasma power 
output is applied. More specifically, a distinct boundary is 
preferably formed between the layers differing in conductive 

.*o type. Thus, if this is attempted by applying a high plasma 

V power output in case of forming an I- type layer on a P-type 

layer, for instance, the sputtering effect of the discharge 
damages the P layer. 

In case a microwave at a frequency of 2.45 GHz is 

35 applied, the deposition rate of the thin film is found to 

increase to about 3 to 5 times that for the case referring to 
Fig. 2. The characteristics of the resulting thin film 
semiconductor are the same, but the deposition rate is 
increased because the ionization ratio of the reactive gas can 

40 be increased by applying power at a higher frequency of 2.45 

GHz. More specifically, in case of depositing a thin film by 
flowing silane at a rate of 30 cc/minute under a pressure of 
0.1 Torr, for instance, the deposition rate is as low as 1 to 
3 A/second if a high frequency plasma alone is applied. 
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However, the deposition rate can be increased to a range of 
from 10 to 15 A/second by simply adding the microwave at a 
frequency of 2.45 GHz. 

Fig. 3 is a graph obtained through an experimentation 
to show how the gas purifier is effective in purifying silane. 

Referring to the graph in Fig. 3, the abscissa shows 
the concentration of oxygen or carbon of the thin film. The 
concentration is determined by means of FTIR (Fourier 
Transform Infrared Spectroscopy) . The ordinate of the graph 
shows the electric conductivity in case light is irradiated to 
the film. 

If both a deoxidizer (14) and zeolite (11) are used, 
curves (45) and. (46) are obtained for the resulting product. 
Curve (45) shows the change in characteristics of the thin 
f iim semiconductor containing carbon at a concentration of 3 x 
1019 cm-3 while varying the oxygen concentration by applying 
deoxidation, and curve (46) represents the characteristics 
which vary in accordance with the change of carbon concentra- 
tion while setting the oxygen concentration at a constant 
value of 1 x 1019 C m-3 . At any rate, the conductivity is found 
to be as low as to fall in a range of from 10-s to 10-* (Q-cm)-i 
in case carbon and. oxygen are incorporated in the thin film at 
a concentration of 10" cm-3 and 3 x 10" cm-3, respectively. It 
can be seen that the presence of oxygen atoms in the film 
considerably lowers the conductivity. 

Further referring to Fig. 3, the curves (41) and (42) 
are drawn using the carbon concentration and the oxygen 
concentration as the parameters, respectively. More 
specifically, the former and the latter curves are for the 
cases in which oxygen and carbon are incorporated at a 
concentration of 3 x 10" cm-3 and 4 x 10" cm-3, respectively. A 
semiconductor having a photoconductivity in the order of 10-2 
cm-3 (Q.cm)-i can be expected by controlling the concentration 
of oxygen and carbon to 5 x 10" cm-3 or lower (43) and 4 x 10" 
cm-3 or lower (44), respectively. The conductivity is found to 
decrease by approximately one third every time the substrate 
temperature is lowered by 50 °C; more specifically, from 250 
°C to 200 *C, and further to 150 °C. 

To control the concentration of oxygen and carbon in 
the aforementioned values, it is particularly important to 
control the oxygen concentration in the starting silane to 
0.03 ppm or lower. The oxygen concentration in silane can be 
further decreased to 0.01 ppm, and even to a level of 0.003 
ppm by purifying silane in a temperature range of from -30 C 
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to 0 °C. By setting the temperature of silane in the lower 
region above, the content of hydrocarbon Cfin impurities can be 
reduced to 0.1 ppm, and furthermore to 0.01 ppm. The 
concentration of the impurities can be even more decreased to 
below the' detection limit of a mass spectrometer by lowering 
the purification temperature to -100 °C. The concentration of 
oxygen and carbon can be increased respectively to 1 x 1018 cnr 
3 or higher; i.e., a concentration well beyond the detection 

limit of an FTIR. , 

Such a high level of purification can be realized by 
controlling the total leak of the reaction system shown in 
Fig. 1 to 1 x 10-1° cc/sec or lower, and preferably, to 1 x 10- 
12 cc/sec or lower. Accordingly, the mechanism of the joints 
and the like in the. system is also a key factor in achieving a 
high purity gaseous silane. 

Referring to Fig. 4, a structure fabricated by using 
the fabrication apparatus in Fig. 1 is described. Referring to 
Fig. 4 (A), a transparent conductive film (33) is formed on a 
glass substrate (32), and a P-type silicon carbide (Si x Ci- x ; 0 
<x<l e g , x = 0.8) or a P-type silicon semiconductor (34) 
is formed further thereon at a thickness of 100 A. The entire 
system is then sufficiently evacuated using a cryo pump (45) , 
and a purified silane is introduced therein to form an 
intrinsic semiconductor layer (31) to a thickness of 0.5 urn. 
After evacuating the entire system again, a 200 A thick N-type 
semiconductor layer (31) is further deposited thereon using 
silane containing 1 % phosphine. Finally, aluminum film (36) 
is vacuum deposited in a known manner. 

The high frequency power output in the process above 
is controlled to 5 W while maintaining the substrate 
temperature of 200 °C. A conversion efficiency of 10.3 % is 

obtained. , ^ _ k« 

The characteristics of the glass substrate can be 
further ameliorated by fabricating a photoelectric conversion 
device of a PIN junction type as illustrated in Fig, 4 (B) . 

Referring to Fig. 4 (B) , a 200 A thick P-type 
semiconductor layer (34), a 0.5 urn thick I-type semiconductor 
layer (33), and a 150 A thick fibrous structured N-type 
semiconductor polycrystalline semiconductor layer (35) are 
deposited on a stainless steel substrate (32) using the 
apparatus as shown in Fig. 1. An ITO (indium tin oxide 
containing from 10 % or less of tin oxide, » 
deposited thereafter as a transparent conductive film (43). An 
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aluminum auxiliary electrode (36) is provided thereon to . 
obtain the final structure. 

For the structure thus implemented and illustrated in 
Fig. 4 (B) , the characteristic curve for the conversion 
efficiency taking the oxygen concentration in the intrinsic 
semiconductor layer as the parameter is given in Fig. 5. 

A conversion efficiency higher than 12 % is achieved 
under AMI for an area, of 1 cntf by controlling the oxygen 
concentration to 4 x 10" cm-3 or lower, and particularly, to 1 
x 1016 cm-3 or lower. Furthermore, a curve factor exceeding 0.7 
is obtained. In case of short circuit current, especially, a 
maximum value of 20 mA/cm2 is achieved. The open voltage is in 
a range of from 0.86 to 0.93 V. A considerable improvement in 
the characteristics is observed by lowering the oxygen 
concentration and thereby purifying silicon. 

In case of the example above with reference to Fig. 4 
(B) , the device is fabricated at a low temperature in a range 
of from 200 to 250 °C by using a polycrystalline fiber- 
structured semiconductor as the N-type semiconductor layer. 
For detail of the process, reference can be made to Patent 
Application No. 57-087801 (filed on May 24, 1982 by the 
present inventor) . 

The present invention has been described in detail 
above by specifically referring to a photoelectric conversion 
device having a PIN junction. However, the device according to 
the present invention may have at least two junctions by 

sequentially forming the layers in the order of PINPIN PIN. 

This is an important application of the present invention. 
Moreover, the resulting structure may be integrated on a 
substrate. 

The description of the present invention above refers 
specifically to a case using silane, and particularly, 
monosilane, as the gaseous silicide. However, the present 
invention is also effective for a case using polysilane such 
as disilane, so long as the effective diameter is large enough 
to be separated by a molecular sieve. Accordingly, the present 
invention is useful in case SiF 4 is used, because the diameter 
of SiF 4 molecules is as large as 5 A. In case of germanium, a 
non-single crystal semiconductor SixG ei . x (0 < x < 1) fabricat- 
ed by using germane (GeH*) or pure Ge alone may be used for the 
I-type semiconductor layer of a PIN junction. 

In the description above, a photoelectric conversion 
device comprising a single PIN junction is described. However, 
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the present invention is also effective for an insulated gate 
field effect semiconductor device having an NIN junction 
(i.e., a junction comprising, in this order, a source or 
drain, a channel forming region, and a source or drain) or a 
PIP junction, as well as for a transistor having an NIPIN or a 
PINIP junction. 

4/ Brief Description of the Drawings 

Fig. 1 is a scheme of a plasma enhanced chemical vapor 
reactor for use in the fabrication of a semiconductor device 
according to the present invention. 

Fig. 2 is a graph showing the electric characteristics 
of a semiconductor obtained according to the present invention 
and that of a conventional intrinsic semiconductor. 

Fig. 3 is a graph showing the change of electric 
characteristics of a semiconductor obtained according to the 
gas purification method of the present invention. 

Fig. 4 is a photoelectric conversion device according 
to the present invention. 

Fig. 5 is a graph showing the characteristics of a 
photoelectric conversion device according to a scheme shown in 
Fig. 4 (B) . 

Applicant for the Patent : 

Semiconductor Energy Laboratory Co., Ltd. 
Representative : Shunpei Yamazaki 
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6. CONTENTS OF AMENDMENTS - ■ 

(1) Amend the entire specification as shown in an 
attachment . 

(2) Amend Fig. 1 to incorporate reference numerals 
thereinto- as shown in an attachment (written in red in a 
copy) . 

Amend Figs. 2, 3 and 5 as shown in., an 

attachment. 

Add Figs. 6 and 7 as shown in an attachment. 

SPECIFICATION 

1. Title of the Invenion 
SEMICONDUCTOR DEVICE 

2. Scope of Patent Claim 

1. a semiconductor device including a substrate .or 
a first electrode formed on the substrate, a non-single 
crystal semiconductor having at least one p-i-n junction on 
said electrode, and a second electrode on said semiconductor, 
characterized in that an intrinsic or substantially intrinsic 
semiconductor layer constituting said p-i-n junction contains 
at least oxygen having the impurity density of 5 x 10i« cm-3 or 
less or carbon mixed in the form of a cluster having the 
impurity density of 4 x 1018 C m-3 or less. . ' I ■ 

2. A semiconductor device as claimed in claim 1, 
wherein said intrinsic or substantially intrinsic 
semiconductor layer comprises a semiconductor which mainly 
contains silicon or germanium to which hydrogen or halogen 
element having a half -amorphous or amorphous structure with 
lattice distortion. 

3. Detailed Description of the Invention 

The present invention relates to a photoelectric 
conversion device having at least one PIN junction, said 
device fabricated by using a high purity gas for semiconductor 
fabrication whose concentration of carbon or oxygen is 
decreased to an extremely low level, and to a process for 
fabricating the same. 

An object of the present invention is to provide a 
photoelectric conversion device comprising a substrate, 
optionally having thereon a first electrode, and a non-single 
crystal semiconductor layer having at least a PIN junction 
fabricated by depositing layers of a P-type, an I- type, and an 
N-type semiconductor. In an intrinsic or a substantially 
intrinsic semiconductor layer {i.e., a semiconductor layer 
into which a P-type or an N-type impurity is added either 
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accidentally or intentionally at a concentration of from 1 x 
1014 to 5 x 1017 cm-3) which generates photovoltaic force upon 
irradiation of light in the photoelectric conversion device 
according to the present invention, it is an object to 
decrease the concentration of oxygen or carbon which induces 
the generation of recombination centers or which enhances the 
insulating characteristics to a super low level. 

The object above is accomplished in the present 
invention by taking advantage of the molecular size of the 
reactive gas that is used in the device fabrication, for 
example, a gaseous silicide such as silane, polysilane, and 
silicon fluoride, or a gaseous germanium compound such as 
germane. More, specif ically, the reactive gases above have an 
effective molecular diameter of 4.8 A or larger. 

" Accordingly, impurities having an effective molecular 
diameter (referred to simply hereinafter as "molecular 
diameter") of 4.5 A or less, for instance, a gaseous oxide 
such as water (H 2 0) , gaseous carbon dioxide (C0 2 ) , and gaseous 
oxygen {O2) ; or a gaseous carbide such as methane (CH4) , ethane 
(C 2 H 6 ), propane (C 3 H 8 ) , CH3OH, and C 6 H 6 ; can be adsorbed and 
separated from the reactive gas using a molecular sieve or a 
zeolite having an effective pore diameter in the range of from 

2,9 to 4.65 A. 

The adsorption ability of the molecular sieve or the 
zeolite can be further enhanced to 50 times or more of its 
ordinary ability by cooling the adsorbent to a temperature in 
a range of from -100 °C to room temperature, preferably, in a 
range of from -70 to -20 °C. 

In this manner, the initial intrinsic conversion 
efficiency of 6 to 8 % under an AMI condition (100 mW/cm*) of a 
non-single crystal semiconductor, particularly, of an 
amorphous semiconductor, can be increased to a range of from 
11 to 14.5 %. 

Particularly in the I-type layer, i.e., the active 
semiconductor layer, the concentration of oxygen is lowered 
from the conventional level in a range of from 2 x 1020 cm-3 to 
4 x 1020 cm-3 to a range not higher than 5 x Id* cm-3, 
preferably to a range of from 1 x 10 ie to 1 x 10 n cm-3, and 
further lowering the concentration of carbon clusters to a 
level of 4 x 10 i* cm-3 or lower, preferably, to a range of from 
1 x 1018 to 1 x 10^* cm- 3 , carbon clusters as referred herein 
signifies cluster-like carbon atoms that are combined by a 
plurality of C-C bonds inside the semiconductor. In this 
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manner, the density of recombination centers inside a semicon- 
ductor, for example, a silicon semiconductor, is successfully- 
lowered from the initial 1 x 1018 cm-3 to 1 x 1017 cm-3 or lower, 
and preferably, to a range of from 5 x 10** to 1 x 10 16 cm- 3 . 

Conventionally, inside a semiconductor, specifically a 
silicon semiconductor, oxygen atoms have been believed to 
locally form Si-O-Si bonds to impart insulating properties to 
the semiconductor. However, in case oxygen atoms aggregate 
into a cluster containing from several to several tens of 
atoms inside the semiconductor, the clusters then provide 
recombination centers for the electrons or holes. These 
recombination centers function as killers of the minority 
carriers which generate upon the irradiation of a light. It 
has been confirmed that this clearly occurs in a non-single 
crystal semiconductor fabricated by a plasma enhanced chemical 
vapor deposition process. Furthermore, the dangling bonds of 
oxygen have found to function as N-type donor centers. Thus, 
it has been found that a semi -amorphous (semi-crystalline) 
structure-sensitive non-single crystal semiconductor having 
lattice strain is readily rendered N type-conductive. 

Accordingly, it is believed particularly important 
from an industrial point of view to fabricate a structure- 
sensitive intrinsic semiconductor from which oxygen atoms are 
substantially removed. The oxygen atoms are preferably present 
at a concentration as low as possible, because they provide 
the donor centers. Intrinsic semiconductors as referred herein 
signify those having a Fermi level at approximately the center 
of the band width. 

Considering carbon atoms, furthermore, ethane and 
other hydrocarbon compounds expressed by C m H n (where, m > 2) 
have found to directly intrude into the semiconductor to 
generate a plurality of recombination centers. These 
recombination centers decrease the life time of carriers, and 
particularly, that of the holes. 

In the light of the aforementioned circumstances, the 
semiconductor device according to the present invention is 
characterized in that impurities are removed from the silicon 
semiconductor. The device according to the present invention 
is also characterized in that said semiconductor comprises 
silicon added therein hydrogen or oxygen atoms as the 
principal components, because hydrogen and oxygen atoms 
function to neutralize the recombination centers, and that a 
trivalent or pentavalent impurity is added at a concentration 
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of from IOI 4 to 3 x 10 17 cm-3 to shift the Fermi level of the 
resulting semiconductor. 

In general, silane molecules are less than 5 A (more 
specifically, from 4 . 8 to 5 A) in effective molecular 
diameter.* Germane molecules are about 6 A in diameter. 
(Polysilane are further larger in effective molecular 
diameter. ) 

Considering a reactive gas comprising molecules having 
the smallest effective molecular diameter, i.e., silane 
(monosilane) molecules, for instance, the gas contains other 
impurities as listed in Table 1. 
Table 1 

FQg gpjtgpdfrl For Elec tronics 
Purity (%) 99.99 ; ?9.9 

Hydrogen (ppm) 300 3,000 

Nitrogen 5 50 

Oxygen , 0.1 1 

Argon 10 50 

Helium 10 50 

Methane 5 50 

Ethane 0.1 0.5 

Ethylene 0.1 0.5 

Propane 0.1 0.5 

Propylene 0.1 0.5 

Chloride 10 . 50 

Water 3 5 

In a practical process of epitaxial growth of a 
semiconductor, the concentration of oxides and nitrides is 
lowered to about 1/30 of the nominal value due to the 
segregation effect.. which occurs during the gas-solid reaction. 
Accordingly, a substantially intrinsic semiconductor having a 
resistivity of 100 ft- cm or higher can be obtained. 

In case of employing plasma enhanced chemical vapor 
deposition in a temperature range of from 100 to 400 °C using 
glow discharge, however, a physical purification method taking 
advantage of the segregation can no longer be expected to take 
place. 

It can be readily understood that in the case above 
using plasma enhanced chemical vapor deposition, the 
impurities enumerated in Table 1 are directly incorporated 
into the semiconductor. Oxygen, in particular, wholly reacts 
with silane to provide reaction products* A part of silane 
molecules, more specifically, from 1 to 5 % of the entire 
molecules, is activated (ionized) by the plasma reaction. 
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Accordingly,' it has been found that silane is condensed inside . 
the thin film semiconductor at an extremely high concentration 
of from 2 x 1018 to 4 x 1020 cm-3. This accounts for about 20 to 
30 times the concentration of silane in gaseous state. 

It is therefore found experimentally that it is 
extremely important to purify the reactive gas in the reaction 
apparatus before using it in plasma enhanced chemical vapor 

deposition process. 

Thus, more specifically, it is particularly important 
in the I-type semiconductor layer according to the device of 
the present invention to decrease the concentration of oxygen 
and carbon clusters to 5 x 10" cm-3 or lower and to 4 x 10" 
cm-3 or lower, respectively. The very object of the present 
invention is to purify the semiconductor. 

The present invention is described in detail referring 
to the accompanying figures. 

Fig. 1 shows the scheme of an apparatus for 
fabricating the semiconductor device according to the present 

invention . 

Referring to Fig. 1, a reactor (1) (diameter of 35 mm 
0) is equipped with an external heating furnace (21), 
substrates (22), a pair of electrodes (3), (3), a . high 
frequency generator (2) (for instance, a 13.56MHz or a lOOKHz 
generator), another generator (17) for activating and 
decomposing the reactive gas, for instance, a 2.45GHz 
generator or any which produces a microwave 1 GHz or higher m 
frequency, and an attenuator (18) . 

The microwave thus generated was supplied from an 
outlet protected by a ceramic member (19) to the reactor (1) 
maintained at a pressure of from 0.001 to 10 Torr. The entire 
reactor is covered with a shield (20) to prevent jamming from 
occurring. The electric field which develops upon depositing 
the thin film semiconductor on the substrates (22) using a 
reactive gas is controlled to be in parallel with the surface 
of the substrate. Furthermore, the reactive gases are arranged 
in such a manner that they make a laminar flow in .P««"«J 
with the surface of the substrates when they are introduced 

into the reaction furnace. ..„,,, ..,,„ 

The reactive gas is introduced from an inlet (7) using 
a carrier gas, for example, gaseous hydrogen whose 
concentration of impurities such as oxygen ^ «^ er " 
lowered to 1 ppb or less, and preferably, to 0.1 ppb or less, 
in case of forming a thin silicon film, a gaseous silicide. 
i e , silane. is introduc d from an inlet (4). At the same 
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time, diborane diluted to a concentration of from 500 to 5,000 
ppm using a P-type impurity, hydrogen, as well as phosphine 
diluted with hydrogen are introduced from inlets (5) and (6), 
.respectively. 

The reactive gases above are introduced into the 
reactive furnace at a predetermined rate each via pairs of gas 
purifiers (11), (14), (12), (15), (13), (16), respectively. 
Molecular sieves or zeolite 3A, 4A, or 4.5A have an effective 
pore diameter in a range of from 2.7 to 4.65 A, and are 
provided on the inlet side for the reactive gas of each of the 
gas purifiers. More specifically, molecular sieve or zeolite 
4A having an effective pore diameter in a range of from 3.5 to 
4.3 A is "used. The molecular sieves or zeolite 4A are 
expressed by a molecular formula Na(Al0 2 ) (Si0 2 ) *27 - 30H 2 O, and 
molecular sieves or zeolite 4 . 5A are expressed by (K 4 Zn 4 ) ( 
A10 2 ) (Si0 2 ) -27 - 30H 2 O. Thereafter, a gas clean for film oxygen 
(product name GC-RX) was coupled therewith. They are all made 
by Nikka Seiko K.K.. 

The chemical adsorptivity of the purifiers can be 
further increased by cooling them to a temperature in a range 
of from -70 °C to room temperature. For instance, the 
purifiers are cooled to -30 °C using electronic thermostat 
layers (8), (9), and (10). In case of hydrogen diluted 
phosphine, molecular sieves or zeolite 3A or 4A are used 
because the effective molecular diameter thereof are about 4.3 
A. Molecular sieves or zeolite 3A, 4A, and 4.5A are found all 
effective for silane and diborane. 

In particular, it was effective that 4.5A is used for 
silane because of lowering the concentration of phosphine to 
0.01 ppb or less except for oxygen which is an impurity that 
is liable to be made n-type in silane. 

Evacuation is carried out using an evacuation system 
comprising a needle valve (25), a stop valve (24), a vacuum 
pump (23), and then through an outlet (26). The inner pressure 
of the reactor is thus maintained in a range of from 0.001 to 
10 Torr, representatively, in a range of from 0.05 to 0.1 
Torr. 

Fig. 2 shows the characteristic curve of a 
semiconductor layer deposited using the apparatus illustrated 
in Fig. 1. A 1 Jim thick thin film of a non-single crystal 
semiconductor is deposited on a substrate, e.g., a glass 
substrate, at a substrate temperature of 250 °C in a reactor 
the inside pressure of which was maintained at 0.1 Torr. The 
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conductivity upon irradiation of light (AMI) and dark 
conductivity in relation with the high frequency output are 
shown in the graph. 

Referring to Fig. 2, the curve (29) shows the change 
in photoconductivity with that in high frequency output, and 
the curve (30) shows the dark conductivity. If silane is used 
as it is without purification, as described in the foregoing, 
the initial impurities , that are present in the gas cylinder 
are delivered into the semiconductor layer. Those impurities, 
particularly oxygen or carbon, renders silicon amorphous. 
Thus, two curves (29) and (3 0) are shown in Fig. 2. More 
specifically, a photoconductivity of 10-3 (Q.cm)-i is obtained 
at a high frequency output of from 20 to 30 W, however, the 
crystallinity of a part of the semiconductor is impaired at 
the same time. Thus, the resulting silicon is rendered semi- 
amorphous. This happens because oxygen atoms that are present 
as impurities in the semiconductor function as donor centers 
to impart the entire semiconductor N-type conductivity. 
Conclusively, an intrinsic semiconductor can be obtained by 
adding boron or any other impurity which imparts the opposite 
conductive type to the semiconductor at a concentration of 
from 1 x 10i 7 to 3 x 10 1 7 cm-3, or by controlling the high 
frequency output in a low region of from 1 to 5 W. However, 
either of means considerably lowers the photoconductivity to 
the order of from 10-6 to 10-5 (fl.cm)-i. 

Not in the above-mentioned conventional method, but in 
the present invention, the impurities, in particular, oxygen, 
water or hydrocarbon within silane are sufficiently removed 
after purification (11 and 14 in Fig. 1), and when the gas 
cylinder is to be filled with silane, filling is conducted 
with high purification. 

As a result, photoconductivity curve (27) and dark 
conductivity curve (28) as shown in Fig. 2 are obtained for 
the thin film silicon according to the present invention. 

The figure clearly reads that a high photoconductivity 
of 10-4 (ft'cm)- 1 is obtained at low plasma discharge output of 
from 1 to 10 W, and that a low dark conductivity in a range of 
from IO-11 to IO-10 (Q-cm) -1 is obtained. That is, a sufficient- 
ly high activation energy as an intrinsic semiconductor is 
obtained, and that a Fermi level of about a Bg/2*o.i. 0-2 eV is 

achieved . 

The characteristics of the thin film silicon are 
studied in further detail. According to the results of X-ray 
diffraction, a poorly crystallized thin film is identified on 
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the product obtained at a plasma discharge output of from 5 to 
10 W. Assumably, a semi -amorphous semiconductor having an 
intermediate structure between amorphous structure and 
crystalline structure is formed in this case. 

When an intrinsic semiconductor is fabricated by 
plasma enhanced chemical vapor deposition in a temperature 
range of from 100 to 300 °C, for instance, at 250 °C, 
impurities inside silane tend to be incorporated into the 
semiconductor at a concentration from 30 to 100 times as high 
as that of a semiconductor fabricated by a simple CVD process 
or epitaxial growth. Thus, it can be readily understood that 
the use of an ultrapure silane as the starting material is the 
key of the process. By employing such silane gases of ultra- 
high purity, a semiconductor with a low daxk conductivity but 
with a high photoconductivity in a range of from 10-3 to 10-2 ( 
fl. C m)-i can be obtained even when the product is obtained at a 
low plasma power output of from 2 to 10 W. The 
photoconductivity of the product thus fabricated according to 
the present invention is well comparable to that of a single 
crystal silicon, i.e., 10-2 
(n-cm)-i. 

The present invention is particularly advantageous in 
that the desired semiconductor is producible at such a low 
plasma power output. More specifically, in fabricating a PIN 
junction as in the process of the present invention by 
sequentially depositing the P-, I-, and N-type layers in this 
order, a mixed layer is apt to form at the boundary of the 
layers differing in conductive type if a high plasma power 
output is applied. More specifically, a distinct boundary is 
preferably formed between the layers differing in conductive 
type. Thus, if this is attempted by applying a high plasma 
power output in case of forming an I-type layer on a P-type 
layer, for instance, the sputtering effect of the discharge 
damages the P layer. 

In case a microwave at a frequency of 2.45 GHz is 
applied, the deposition rate of the thin film is found to 
increase to about 3 to 5 times that for the case referring to 
Fig. 2. The characteristics of the resulting thin film 
semiconductor are the same, but the deposition rate is 
increased because the ionization ratio of the reactive gas can 
be increased by applying power at a higher frequency of 2.45 
GHz ♦ More specifically, in case of depositing a thin film by 
flowing silane at a rate of 30 cc/minute under a pressure of 
0.1 Torr, for instance, the deposition rate is as low as 1 to 
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3 A/second* if a high frequency plasma alone is applied. 
However, the deposition rate can be increased to a range of 
from 10 to 15 A/ second by simply adding the microwave at a 
frequency of 2.45 GHz. 

Fig. 3 is a graph obtained through an experimentation 
to show how the gas purifier is effective in purifying silane. 

Referring to the graph in Fig. 3, the abscissa shows 
the concentration of oxygen or carbon of the thin film. The 
concentration is determined by means of FTIR (Fourier 
Transform Infrared Spectroscopy) . The ordinate of the graph 
shows the electric conductivity in case light is irradiated to 
the film. 

In addition, the impurity concentration of 1 x 10 1S cnr 
3 or less was measured by use of SIMS (3F type made CAMECA 
Corp.) for investigation. The correction of the absolute 
amount was conducted on the basis of ion intensity obtained by 
adding a specific amount (for example, 1 x 10" C m-3) of 
injection to amorphous silicon by the ion implantation and 
measuring the added amount through the SIMS. 

If both a deoxidizer (14) and zeolite (11) are used, 
curves (45) and (46) are obtained for the resulting product. 
Curve (45) shows the change in characteristics of the thin 
film semiconductor containing carbon at a concentration of 3 x 
1020 cm-3 while varying the oxygen concentration by applying 
deoxidation, and curve (46) represents the characteristics 
which vary in accordance with the change of carbon concentra- 
tion while setting the oxygen concentration at a constant 
value of 1 x 1020 C m-3 . At any rate, the conductivity is found 
to be as low as to fall in a range of from 10-5 to 10-6 (£2-cm)-i 
in case carbon and oxygen are incorporated in the thin film at 
a concentration of 1020 cm-3 and 3 x 1020 cm-3, respectively. It 
can be seen that the presence of oxygen atoms in the film 
considerably lowers the conductivity. 

Further referring to Fig. 3, the curves (41) and (42) 
are drawn using the carbon concentration' and the oxygen 
concentration as the parameters, respectively. More 
specifically, the former and the latter curves are for the 
cases in which oxygen and carbon are incorporated at a 
concentration of 3 x 10^ cm-3 and 4 x 10™ C m-3, respectively. 
The photoelectric conductivity having the order of 10-3 (Qcm)-i 
and the dark conductivity having the order of 10-1° (Qcm)-i can 
be expected by controlling the concentration of oxygen to 5 x 
1018 cm-3 or lower (43). The conductivity is found to decrease 
by approximately one third every time the substrate 
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temperature is lowered by 50 °C; more specifically, from 250 
°C to 200 °C, and further to 150 °C. 

For obtaining the oxygen and carbon densities, it is 
very important to contain oxygen (water) of 0.03 PPM or less 
within silane. In particular, when purification was made not 
at room temperature but at 0 to -30 °C, the impurity 
concentration of oxygen can be lowered to 0.01 PPM and 0.003 
PPM. Also, the evacuate system is of a cryopump type so that 
the remaining water within the reactor is set to 0.1 PPM or 
less (arrival vacuum degree of 10-8 torr or less) , thereby 
preventing inverse diffusion. 

As a result, CmHn could be lowered to 0.1 PPM or less. 
Further, when using silane which was subjected to physical 
purification of liquefaction and gasification, measurement 
cannot be entirely performed through a mass analyzer. Also, 
the concentration of oxygen and hydrogen within the 
semiconductor formed are 5 x 10" and 4 x 1017 C m-3 or less, 
respectively, and could exceed the detection limit for SIMS. 

Of course, for obtaining the above-mentioned high 
purity, it is important to set the entire amount of leakage 
including the reactive furnace to 1 x 10-" cc/sec or less, 
preferably 1 x 10-12 C c/sec or less. It is mentioned that a 
contrivance of a joint or the like is also important. 

Referring to Fig. 4, a structure fabricated by using 
the fabrication apparatus in Fig. 1 is described. Referring to 
Fig. 4 (A), a transparent conductive film (33) is formed on a 
glass substrate (32), and a P-type silicon carbide (Si x Ci- x ; 0 
<x<l e g , x : 0.8) or a P-type silicon semiconductor (34) 
is formed further thereon at a thickness of 100 A. The entire 
system is then sufficiently evacuated using a cryo pump (45) , 
and a purified silane is introduced therein to form an 
intrinsic semiconductor layer (31) to a thickness of 0.5 \m. 
After evacuating the entire system again, a 200 A thick N-type 
semiconductor layer (31) is further deposited thereon using 
silane containing 1 % phosphine. Finally, aluminum film (36) 
is vacuum deposited in a known manner . 

The high frequency power output in the process above 
is controlled to 5 W while maintaining the substrate 
temperature of 200 °C. A conversion efficiency of 10.3 % is 

obtained. , 

The characteristics of the glass substrate can be 
further ameliorated by fabricating a photoelectric conversion 
device of a PIN junction type as illustrated m Fig. 4 (B) . 
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Referring to Fig. 4 (B) , a 200 A thick P-type . 
semiconductor layer (34), a 0.5 urn thick I- type semiconductor 
layer (33), and a 150 A thick fibrous structured N-type 
semiconductor polycrystalline semiconductor layer (35) are 
deposited- on a stainless steel substrate (32) using the 
apparatus as shown in Fig. 1. An ITO (indium tin oxide 
containing from 10 % or less of tin oxide) film is vacuum 
deposited thereafter as a transparent conductive film (43). An 
aluminum auxiliary electrode (36) is provided thereon to 
obtain the final structure. 

For the structure thus implemented and illustrated in 
Fig. 4 (B) , the characteristic curve for the conversion 
efficiency taking the oxygen concentration in the intrinsic 
semiconductor layer as the parameter is given in Fig. 5. 

A conversion efficiency (49) higher than 12 % is 
achieved under AMi for an area of 1 cm* by controlling the 
oxygen concentration to 5 x 10" cm-3 or lower, and 
particularly, to 1 x 10" cm-3 or lower. Furthermore, a curve 
factor (48) exceeding 0.7 is obtained. In case of short circuit 
current(47), especially, a maximum value of 20 mA/cm2 1S 
achieved. The open voltage is in a range of from 0.86 to 0.93 
V. A considerable improvement in the characteristics is 
observed by lowering the oxygen concentration and thereby 

purifying silicon. . 

In case of the example above with reference to Fig. 4 
(B) , the device is fabricated at a low temperature in a range 
of from 200 to 250 °C by using a polycrystalline fiber- 
structured semiconductor as the N-type semiconductor layer. 
For detail of the process, reference can be made to Patent 
Application No. 57-087801 (filed on May 24, 1982 by the 

present inventor) . 

Figs. 6 and 7 are graphs showing the evaluation of 
very important reliability characteristic when considering the 
reliability of the photoelectric conversion device. 

The figures show a curve (50) in which the photon 
number to be added to a sample when measuring the constant 
energy spectral characteristic is set to 1 x lOiS/cm*. The 
axis of ordinate represents the normalization quantum 
efficiency (efficiency) with a maximum point of -1-. The 
light of AMI (100 mW/cm*) is irradiated to that device for two 
hours. Thereafter, the photosensitive characteristic is 
changed as indicated by a curve (51), and it has been found 
that the characteristic is largely deteriorated and 
light of 350 to 500 nm. When it was subject d to heat 
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annealing process at 150 °C for two hours, the curve (51) 
changed to a curve (52) . As a result, the characteristic 
exhibits that the curve is restored to the curve (50) at a 
short-wavelength light having 3 50 to 500 mti, but is not 
restored at a long-wavelength light having 600 to 800 ran. 
Therefore, a device was demanded which has the characteristic 
that is not deteriorated by the light irradiation and heat 
annealing process, that is, which is high in reliability 
without the Steabler Wronski effect. 

Fig. 7 illustrates the characteristic of the 
photoelectric conversion device in the case where the average 
oxygen concentration within the I-type semiconductor is 5 x 

1018 cm-3. ' ... ^ _ 

When light irradiation (AMI) was conducted for two 
hours in correspondence with the curve (50) shown in Fig. 6, a 
curve (51) was obtained with the characteristic being slightly 
improved. When further conducting heat annealing process, the 
curve (52) was only slightly changed. 

As a result, it has been found that the concentration 
of oxygen as the impurity within the I-type semiconductor 
layer is very important to stabilization of the characteristic 
(prevention of deterioration) . In addition, it has been found 
that the deterioration is remarkably reduced when the 
concentration of oxygen is at least 5 x 10" C m-3. Further as 
to the light irradiation effect (Steabler Wronski effect), 
higher reliability could be obtained by further reducing the 
concentration of oxygen. Moreover, as is apparent from Fig. 
5, the conversion efficient (curve (49)) is improved This 
enables the photoelectric transfer device to be produced. The 
device in which the center of recombination due to the 
dangling bond of oxygen in the I-type semiconductor layer is 
reduced, the diffusion length of holes is extended, and the 
width of a depletion is only 0.1 ]i with the oxygen 
concentration of 1 x 1020 C m-3, becomes 0.4 |i or more at the 
time of 5 x 10" cm-3 or less. Most preferably, in the case of 
dividing it wholly over the thickness thereof, the deice does 
not exhibit the deterioration at all. 

As described above, according to the present 
invention, it has been found that the conversion efficient as 
the photoelectric conversion device is more improved as the 
density of oxygen or carbon, in particular, oxygen as ^ the 
impurity is reduced, and also that the reliability is 
^proved. Further, it has been found that the practical 
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oxygen impurity is 5 x 10" C m-3 or less, more preferably 1 x 

1018 cm- 3 or less. 

The present invention has been described in detail 
above by specifically referring to a photoelectric conversion 
device having a PIN junction. However, the device according to 
the present invention may have at least two junctions by 

sequentially forming the layers in the order of PINPIN PIN. 

This is an important application of the present invention. 
Moreover, the resulting structure may be integrated on a 
substrate. 

The description of the present invention above refers 
specifically to a case using silane, and particularly, 
monosilane, as ..the gaseous silicide. However, the present 
invention is also effective for a case using polysilane such 
as disilane, so long as the effective diameter is large enough 
to be separated by a molecular sieve. Accordingly, the present 
invention is useful in case SiF 4 is used, because the diameter 
of SiF 4 molecules is as large as 5 A. In case of germanium, a 
non-single crystal semiconductor Si x Ge!. x (0 < x < 1) fabricat- 
ed by using germane (GeH 4 ) or pure Ge alone may be used for the 
I- type semiconductor layer of a PIN junction. 

In the description above, a photoelectric conversion 
device comprising a single PIN junction is described. However, 
the present invention is also effective for an insulated gate 
field effect semiconductor device having an NIN junction 
(i.e., a junction comprising, in this order, a source or 
drain, a channel forming region, and a source or drain) or a 
PIP junction, as well as for a transistor having an NIPIN or a 
PINIP junction. 

4. Brief Description of the Drawings 

Fig. 1 is a scheme of a plasma enhanced chemical vapor 
reactor for' use in the fabrication of a semiconductor device 
according to the present invention. 

Fig. 2 is a graph showing the electric characteristics 
of a semiconductor obtained according to the present invention 
and that of a conventional intrinsic semiconductor. 

Fig. 3 is a graph showing the change of electric 
characteristics of a semiconductor obtained according to the 
gas purification method of the present invention. 

Fig. 4 is a photoelectric conversion device according 
to the present invention. 
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Fig. 5 is a graph showing the characteristics of ^ 
photoelectric conversion device according to a scheme shown in 
Fig. 4 (B). 

Fig. 6 shows the constant energy spectral 
characteristic according to the conventional photoelectric 

conversion device. 

Fig. 7 shows the constant energy spectral 
characteristic according to the photoelectric conversion 
device of the present invention. 

Applicant for the Patent : 

Semiconductor Energy Laboratory Co., Ltd. 
Representative Shunpei Yamazaki 
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»«-B*SEf5©EU Kffcte 
>X tfft{fc*ttfl*r8i*K X i % ±ESiO» 
a/so < *i 0 C07ttoikaa ioo5>S± 

L% 10CH-i00^J -C^ffttJ^i^o — tttt 
t|l^3tr?XxJ[fiSlt>Vittt. **** 

RIO 9.. 1 ^Wttltt^Oitfil 



ItjJttt 6xio"om"jfelTt U ZbKS ***** 

Sfift)„ -»t4tMM, »B«* 
ABO) (flAtt is. »«>o» t Jktt loora^» * *» 

* 9 i * /*»-e«««#ift*aj»V; 0.001 

-lOtorr #l*K»9 , (l)~v'»-f / P»t 

K v- tt« JCKBttftK X iJtl 



fco t Jt v »BJ«mt>4*»K x * «oo 
~400or?u K#K3tt*t?*? yt(»)X $ x *)t 
n«K*XK X 7*-* «ft«i 

« M tr * U t K J5 !• K « S €> IK * « A * * 1t o 

0X8 «. V-i. «0A « 3A t Jttt 4A« t Jttt 4. 6A 

fli.lfao*i»X«J.«-*.sio« , '*»»- 
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Siq) 27-30^0 £ 4A ttTJ^F* * *. 6A ttC^ZnJ 
fcicy (810,) 27-<S0Hi0 © # 3; T ^ 3 ft A % © 

y-x (jgfl* o-hi) * % k 9 itttxmtm 

-70b~S&fi % euttf -300 k t**ga 
■ (aJ^ljCLO) tc X i> *m L1to 7t 

? *Htf>K? ^K«UT«t% 3A> *A> *. OA 

© ^ -fit % #affl*rtB-c*> c?7to 

#-t©**Wfc o, oippvIc * tTWW «a * 
^o^^fi^-^'^/WK X * o. ooi—io 
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torr ftSWK itorr ICfiQff L*o 

O.itorr * L1t*ts XZLnX-Kfifx^Kft* - 
f&fti (AUl)*«,».A*l-C**o 

HJt>x Hflatt >\a*c 30-30W ©35J818ttii;&K*' 

Itfl^ **** 



KilC* V» X n W» tt A ft * »-40¥ T * 



a & ft a ft m a © + M » a © * « 7 * * y 7 * 

aft************** 100 

~«oo'o«;ttf uo'otfl 5 ***** *«* 

t © * * © *** * * 0TB 1 % tt * * 
/ # i/T*«*K*'<"CSOHioo*%©»KK 

»«ao»©ttV»7'>X^»3!)K*'^t 4> •*» 

fc n _M»o io*'~i6'<(u»^©«t»* t fc* 
■c t 

ji-j-aicbu *o«mti*tt*iit 

©«**«^' ? ?«*« ti ^ T*»»t 



#Tfts ft b 36 "C Static 

jri5tt"»*«M *^fl:»*»a 
-tctftettRja-Cfc-P*:^ «K©tf 
MC^« ^o»K* Us *ft < tK'H«t 
ft Jto ttJttf f^t 30oo/#% 0. Itorr X * 

# 3 Ban* $6 93© ^ ? ^Of* »K ESS C\ # * 
ho 

HBK**X* 
*©BJfc*?i*U tfttt itir (7 — y 

aB(4«9tt&*BK# 3Xio"oa 5 iftA L 
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9A:«&ti£o ttic 4K*U «*© 

io rt o»\^o^aA u^*VT:fi»awt io*" 
~id*(W u*at <* 

ft fK 3Xlo"cnf\ X B & 4*10* o»"*fc * # L * 4 

©Tfco-c* -tit**i]RXBB* B«BAt^ 
? > — * t LtwltV^io fll*>#»CBXfc 
oxio"o£'#T&29%KXt: 4X10 7 o»«T(4<> 

#-Cft£o3S*©ttSe* 350 # o X i 400 

t*v$>oaau KXB££-*-*ictt* f?f 

*KB*X* q. 03PPU felTK £ £ #t i?4C>-C 



--.-3o'ofc^4t, KtfNtlKtt o. oippu. 

0, 003PPM KfCTWit^ttiol^ 
OBHn Wt 0, 1PPM, 0. OlPPk K * tT»fi Z h& 
-Cft /to * &K -100*0 It fi t\ tt-t 

fH^OKI^ KXBJl£4% ixio"o»'U± t * 

PTIRO^BIRrt ttjt* t t^-tftyto 

«tt lxio^oct/t.o^Ts ff*L<ttixio"* 

B 4 as ttB l BoBBBB 

4 ©-e**BBWtt* ?x£C$9±)C**i«B 
■ 99% * bK YflKitll (iixo^ ocui) 
(BJLttx*o.e)l *ttPBB«¥**C>«K X 
> looicB^ICBBU^o nicto^ C 



* 0. S/i 0*-« K(33)i LT»*L7to S&KS 
L*o £ Oft* 3 ^07*< *»-*MM 
^f«^*tlO. 30ttWiCi^Xft7to 

B 4 BBHUtto pi* B*a*mKStBtt*ft£ 

■*ft**t aooi. o.^X laoi off ^ K L*o 
UJ:OB4BMoBBK>V^X % ****** 



« 55 ft K 4Xio rt cs?5t # K ixxp" o«?# T 
AMI K X lom k O~ffi8lK "C 12* 

h I 3 K A^>yto Hflctt£l± 0. 037 
^7t 0 * ft ft < * v^ax 

2oo-2fltfo OftUXfth C tK m LXtty *35 
W AO (UBK * HO i«.»*i»> 

K 75 £ t V* h o ; -. i£ ^ 

*m«»«BI fc* iJt^ t *t Jt ft X PIHPIH 

••••pih«#£4>* <Ua»«»&U£& 
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(0<x<^t Tttt o» 6** pih I SI 

»#fl#Hi*ftttPX»***4 < 4 4 15# 
tiWi>H (y — a ruiu )- 1 

» (^^ */t»±y-.*> * pip 8 

* /tttHIPI* PIMIP h^'^^ 



*3Btt**PIO;Ef*!f|l*fcK X^XHb 
ft 4 Htt*56 ft ***o 



WKflBA 
««« OJ « 
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**. {a iff— 1**4 

in, in, •■•■**«•<:*<» 



h » * 

*«»»!*■ 

CPU < 4 fc 1 •?**«*«!*& 

&ftfc**<*aKC*t*T. DBPIR »#* 
tl « * « Xtt * * «t X X ft C X ft © * » » ■ 
tt. < 4 iKH 5 xlO" HT«? 

4 xio* e.^HTO^HttaatC^WUfcC 

I.ttftntOHft 1«S*»T. X»*fctt 
XXf)CXft©**»tt. »*S«*?«* 

*«xtfctt*AKaa««-r«*atfctt 

3. AH RR8B1 
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bit fcorab*. 

S3 5> «Tft^S^2.9 -4.6SAO* f + * . 

<co.).«* (o.). *fc«a»i»*(WA.tf > * * 
(c^.x^y «;V-^ oy,fy (W.choh.c, d< * 

WC7*^7r (I00.H /erf) © 

*©s*«0t*fc*® 2 - 4 xio-ci-* $ 5 x 



10* PUT** L, < (4 1 xiO - - 1 xl0» 

»-r*.f ps, n^«c»At * * if* *4 ~x 

c*?Tlf *C£CJ:** ******* fi a* 
! 1 x 10" < C < « 5 xlO » ~ i x 10* 

*fe k at # 3rit F* ^ *> * * * * r * • 



-JxlO^c.^) Bfc&UTl**. 
tti^yttm?»SA« (4.1 -5 A) 
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1 C'J'£-< f ©fcttttttfitlOO fteiP;±0 

100 -400 r Tff feili^a— 

©fca*1tttK:#XttB«fc>> {>* &Ctt20-30fg 
CiIlt*HT C 2-4 x iO-ci-* 

» T «*T 2b * C i ^UttWCflW L . 



< IT J ^jTWCi^TMU AHl CTftfttt 
**10W£i±Citt:r4fc»C. *<D I Jff*ettft 
tt5*l0* ei-'HTHs *&C**X*ttfc« 
AL*:J*ftC*^T by 4 X10* KT*f^t 

< tt l x 10* c^aTTttc^^^^^taM 

BiC^^T. KSP (l)<Sa35««#) CM 
*9ft>ft* (21). IS (22). 8 
<3U3>.*ft*»HB (2 )(***».$•»■«* 
fcttlOOIli). d*CK£ftftfte.8&<t* *M* 

2.45CI* ORIS (It). 7****4 f — (lt> 

* * t v 9 X (19) TflSinfcftffii*^. 
0.001 ~10UrrC«»**V*tta* (I) 



J:9SS (22) .hc***!!********^ 

HttttlPfb«T»* U < l*0.lMfcC*TTtf 
ft* (7) J:9*A$*fc. tfc, 

(4) J;9*At*./*fc* Pfl**KttT** 
★ ft 9 500 -5000PM CiR«nfc7#At 
(6) J:*>*AL*. 

(15)X13M16) **LTK«*CJ***JilWA 

0«C*»*&M -4.65A<034, 4ft, tfctt4. 
SftNiLtf4ft ftftflS.S -4.3 A ***** 
— fcit«** 4 ► *fJV*Tft*L*. C 

UlfcXSlOb) 2T-30K *4Att*U* **4.5 
Alt (1^2^ XftlfcXSlOi) 27-30*O©#*K 
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%m<DiiX x )— V (iffiS«CC— BX) 

* *e cn*©«*a ©ft^fcffii* isa±** 
-70 t~2a* W*.tf-30 tcHHfi 
m c 8 >x 9 >xio> &aiLfc. **?&K$n 

fry * x b yCO^Tttv ^©tfS&tf^fc^tfM.a 
A*ff***«u 3A£ fct*4A*ffl^A:. ifc'>7 
S-yKWUTtt. 3A. 4A. 4.5A©t> 

0*1**0. Olppb EiT ( 5 xiO» c- 1 EtT) tc * 
TTtfafcifiu 4.5A*J0^*C i^WCfir^TSb 
it * 

(24). SS^yT" (23) *tfT»* (2C) 
KiCIFrt OE^Jtt— — Y n*rtfc*t (25) Cfc9 
0.001 ~10torrtt*WCtt0.05-0.Horr Cttfe 
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*#J5*1 P ©flC£«C#j£l,fc«6©*Il« (AH 

i ) «e«ar$i4. 

COfc*. *fc*tt©fttt (29), *<£*flt©fi 
tft (30) H>5. BffiC*^T20~30W© 

*©*fc«iT**»*a<**— ±v?±*t*)* n 
a{tuT. (30) tio- 1 <oc«r ©*— ^ 



n& tt^rncjs au (29) j;^^ 
udt<. *te«P«*io-* — io_f <fi«r ©*— ✓ ^ 

**4tt*©2TfcTtt* < * ****** y + 
i B (ll)(14) V Lt + $%*?** ± t>fc* * 

CJ;*), »2BC*^T*»«fc*0t (27). «£ 
UP* (28) *»* C <fc#T§ fc. 
C©BBJt* W***w ± < * 

t m e * at jhio* - io- - (oc-r & * ^ . 



ifitttttflsMI5ft©4«iai«lifi©* * 7**7 r A 

w j^^sfrtr^x-rfciafcc^ioo 

-300 rWiltfttO «?IIJt4 £t*±* 
c©f* y*©*lttt#***c?0 tfcttxtfj 
+ 5" r *£ftclfc*<T30~100 ff*>©BfltcA*> 
*©fc». ttl!IUf4*©***©*A* 

«itt*»r9*«< u ****** 

Citt*fc*5>T«BT*4- *<UT2~10W© 

«r©*f B 

*jtn©r£<Mi b#*«*pb* N * 
*«B-r*c»t,* ♦©«»««*«* t,T*a 

<oftt ps*x*t* (»«) t*»*k*> 



*bK*B2BCfc^T* 2.45CHx <Z> v -< ? n & 
If >7 y*30cc/^, O.ltorr Ti?AL. 

so © flrs»tt* a«r 4 5itt* l (» <o t * -s . 

tt* SIMS (*>*tt«3Pffl) *ffi^T»J£*LT 

* y&A&tz J: *>n£©ttAtt (W*.Ufl xio- 
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•>5^*:S8iffi«8 <14>. : «*?4 ► (u) 

Att'<45) ttK*»«*i3 xlO-c.-«AUfc 

*fcAtt.C46) ttftj^a 
aixiO»c.-» (60). 3 xio-c.-* (61) SAO 

C«*cD&A#£*fl:0teT*{>fc ^1"SBHT* 

f*6CHB5C^^Ttt. ifbtft (47)742) ttMjT 

■ «K3 xio" c .-» . aaauttt 4 xio- *a 

*$ xl0« c.*£tT (43) £**cieJt»K * 
* * £*flt ttio-» (oc.X* o 4™* £ * if G ^ 

$K©4flE*250 rjt$200 ISO tiTlf 



©«* (*) *0.03PPH JEITCT * C 

--30 tit*i, 0tS*lttt&iKtt0.0lPPH, 
0.003PPBC*T!Tlf *C £*T&V. 

rt©8***0.IPPnJStT O0* UrriaTOfllilA 

C«l»ttO.lPPH0TC*TT*/4C i 

* 8* * ft k * 9 (Mi * ©At fiflt 6 * 

±Or& tXM££?*Ctt* £ 1 HC*i?ft/t 
#l«tl ilO*ce/i« BT, ft}*L<tXI x 10 

8 4 Btt* 1 ■ 0aB8€A!l*T8«L,*: b 



otx b& (a) tt^7^a* (32) ±.izmwn 

ttM (33). $ fcCPfflKfctt* (SIiC,^ o<« < 
l^Witfi -0.8 ) *fcl*P9&ft**<t (34) 
C«fc»n00 A©8*C8*bfc. recoil: 

okbx t > * ^ i y r ' («)' c rl» do* 

torrKT) 8*3I#*L*UK «8tfc>9 
■fc*8tt*«{*8*0.5 *©8*C (31) iU 
8*Lfc. $ *C*tf X23I6 *UTN£4H*He ' 
8 (35) ^0 * y*8AUTSliC K 

0.9 iU ^C7^ty(lH©«iIi:SA 
LT200 A©8*C88L*. COftKMttQtt 
Witf^jB<0tttU7Vti*-i (30) * A 
SIf lTBl^6et»«. 
X8ACb^ttS». SC81K200 tiU. tC 

C9^f^88 9tft«»^CftAr«^«. 
848(B) «a Pit HAfiAMtfiUCtf) 

BBCir^T, Xfvuxfii (32) iCPJ 
* (34). I fi««»8 (33), Nfl 8«» 



c<fc*K *n**n2^^.o.5*.i50A©J*;*tcJi2 

rn , x - A _ A^lf QbQS <3G) *tt»tfc. 
Pi±<D»4H (B) OWffiCiS^T. Hit** 

©at*®* (48) tO. 7 *fc4*Cffil&* 
ft (47) |,»K20«A/<J*»*i fc* 1 ****"* 
C*-,fc. Cfltt«ff ttO.88-0.93V Tfco*. * 

^ 3y * ji9H 

n*. 

-250 r©«aTflF*CtCMLTtt. 
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©tH0C**«^B7— O87801 (57:5.24 >.C* 
ZD**?* *10 8 ✓rffcVfcBB (50) 

(»») **.ufc. c©»Bciiii '<ioo.« /J) 

(51) ©cri<*ftL- 3S0 ~500m ©*C«U 

tUAii. Att (52) ±*»>. »ttli3S0 -500 
..»a«fi*Tttfttt (50) CH«*^ *fc6<> 0 
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. . - PI. »*t**(tb»ll*i*l'»* i 

C**T«BBK**^«» ft *** i 
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